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Analysis of the Activation of Upper Extremity Muscles
During Various Chest Press Modalities
Jamison Christian, Sydney Gothart, Harrison Graham & Katelyn Barganier
Department of Kinesiology
Abstract – The path to increasing muscular strength
begins with resistance training. Multiple variations of
the bench press exist for strengthening the chest and
shoulder musculature. All modalities serve an
important role in strength training. PURPOSE:
Determine the level of muscle activation of the
anterior deltoid (AD), medial deltoid (MD), and
pectoralis major (PM) during different bench press
scenarios. METHODS: Twenty subjects (10 males,10
females; age = 24±2.99 years) with at least one year
of resistance training were recruited. Six
electromyographical sensors were placed bilaterally
on the targeted muscles. Subjects performed a
one-repetition maximum (1-RM) of dumbbell (DB)
and barbell (BB) press during two sessions followed
by six repetitions at an incline, flat, and decline
position using 70% of their 1-RM. Mean peak values
for muscle activation were analyzed for each
variation. A repeated measures one-way analysis of
variance was used to compare muscle activation
patterns across conditions; significance was set at
p≤0.05. RESULTS: AD activation was significantly
higher during incline BB compared to decline
BB/decline DB (p≤.019). MD activation was
significantly lower across all modalities when
compared to AD (p≤.040). PM activation was
significantly lower during incline BB compared to
decline DB (p=.011). CONCLUSION: Differences
among AD and PM may have been due to the
stability stipulation variations between DB/BB and
the large biacromial breadth requirement. Lack of
differentiation of muscle fibers within the PM during
sensor placement could have led to lesser muscle
activation recordings at a decline.
Keywords: muscle activation, 1-RM, resistance
training
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I. Introduction
The path to muscular fitness begins with
resistance training programs. These programs vary by
frequency, intensity, time, and type. A common
measurement for upper body muscular strength is the
bench press. While the standard flat barbell (BB)
bench press is the hallmark for strength
measurements, it also has multiple variations
including incline, decline, dumbbell (DB), Smith
machine, and unstable bases of support. The primary
muscles responsible for the bench press movement
are the pectoralis major (PM), anterior deltoid (AD),
triceps brachii, and the medial deltoid (MD), with the
MD acting as a stabilizer muscle (Jagessar, Gray,
2010).
Glass and Armstrong (1997) looked at
variations of the bench press and how the
musculature reacts to these variations in both incline
and decline positions, while others like Jagessar and
Gray (2010) analyzed grip position concluding that
the maximum activation of the prime movers was
recorded while subjects had a grip of 190% of their
biacromial width. These studies vary in several ways.
Some look at simply incline, decline, or flat bench
(Glass & Armstrong, 1997) while others incorporate
a variation such as the use of DBs (Saeterbakken,
Tillaar, Fimland, 2010), Smith machine (Schick et al.
2010), or performing the exercise on an unstable
surface. The common thread among these studies is
the use of healthy and active male subjects. In this
research study we incorporated DB, BB, incline, flat,
and decline press exercises, while also utilizing both
male and female subjects.
Female subjects have not been included in
studies similar to this one in the past, likely because
females typically have a larger amount of
subcutaneous fat than men do, particularly in the
chest region. This is seen as an obstacle when
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performing studies due to the accuracy of the
electromyography (EMG) recordings through the
larger layer of fat. In a study about the effect of
interelectrode distance of EMG signals in women and
men, Tomita, Ando, Saito, Watanabe, and Akima
hypothesized that EMG indices of vastus intermedius
(VI) and vastus lateralis (VL) would differ between
inter-electrode distances of 10 mm and 20 mm due to
the greater subcutaneous fat thickness in women
(Tomita et. al. 2015). There is a lack of research on
the effect of breast tissue on EMG recordings in
females, but the results of Tomita et al. showed that
as long as the subject did not classify as obese
according to body mass index (BMI), the
subcutaneous fat levels would not affect the EMG
signals, regardless of sex.
During the same study, Tomita et al. (2015)
also hypothesized that EMG indices of VI and VL
would differ between men and women with respect to
differences in force levels. These differences would
be due to the difference in anatomical structure
variations between women and men affecting the
interelectrode distances chosen for each subject. The
results revealed that the frequency and amplitude of
EMG signals at different levels of force by women
and men are not affected by interelectrode distances.
Even though interelectrode distances did not affect
the outcome of this study, Williamson, Epstein, and
Lombardo (1980) concluded the placement of
electrodes is crucial in determining the accuracy of
EMG results.
The main purpose of this study was to
determine the level of muscular activation of the
anterior deltoid (AD), medial deltoid (MD), and
pectoralis major (PM) during different bench press
scenarios. Through the use of EMG technology, we
monitored and observed the muscular activity of the
AD, MD, and PM while conducting BB bench press
and DB press on an incline bench (+30°), a flat bench
(0°), and a decline bench (-30°). We hypothesized
that the greatest activation would be observed in the
PM during the decline bench press and DB press.
Also, we further hypothesized that an inverse

relationship would exist between AD activation and
PM activation. While in an inclined position, the AD
muscles were expected to show more activation, and
consequently less activation of PM. Correspondingly,
during a declined position we expected a greater
amount of activation in the PM and less activation in
the AD. A secondary aim of this study was also to
compare muscle activation levels between genders.
The hypothesis for the secondary aim is that males
will have higher muscle activation in the PM than
females, and values for the AD and MD will show no
significant differences.

II. Methods
Participants
Twenty college aged individuals (10 male &
10 female) were recruited to the Human Performance
Laboratory for two testing occasions. Recorded
subject characteristics appear in Table 1.
All subjects had a minimum of one year of
resistance training experience as an inclusion factor
for the study. All subjects reported having completed
the BB bench press and/or DB press on average of
once per week during the past year of training. All
subjects were provided an informed consent form
approved by the university’s Institutional Review
Board, and subjects were provided an opportunity to
ask the investigators any questions related to the
study prior to enrolling in the study. Written
informed consent was obtained from each subject
prior to the first data collection session. Subjects
were excluded from the study if they had
musculoskeletal pain, an illness, or injury that might
reduce maximal effort during testing (Saeterbakken,
2010). Exclusion criteria also included individuals
who classified as obese according to their body fat
percentage. The American College of Sports
Medicine classifies 20-29 year-old females with a
body fat percentage greater than 30.5% and 20-29
year-old males with a body fat percentage greater
than 24.9% as being in the very poor fitness category
(2018).
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Variable

Mean ± SD

Age

24 ± 2.99 years

Height

172.23 ± 10.69 cm

Mass

73.31 ± 17.06 kg

Body fat

17.79 ± 6.14%

Resistance training experience

6.1 ± 2.92 years

Table 1. Overall Participant Characteristics
Equipment
Equipment consisted of the Perform Better
(PB) (Warwick RI) extreme half rack, PB extreme
rubber bumper plates, a Lamar adjustable bench, PB
extreme BB, and pro series PowerBlock DBs. Data
was
collected
utilizing
EMG
technology
(DATALITE WS1800 wireless EMG system). The
data was then analyzed with SPSS (Chicago, IL) for
calculating differences in muscular activation from
all the training sessions.
Testing Procedures
Subjects visited the laboratory for two
sessions during the study. The first meeting consisted
of the completion of a pre-participation health
screening, Physical Activity Readiness Questionnaire
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(PAR-Q), signing of an informed consent form, and
collection of resting measurements. Subjects were
randomly assigned a testing sequence to determine if
BB or DB was tested during the first session, with the
remaining condition being tested during the second
laboratory session. An equal distribution between the
use of BB and DB for the first or second session was
utilized to account for the potential for learning effect
and fatigue. The order of these conditions (BB, DB)
was counterbalanced and the order of bench angle
(+30°, 0°, -30°) were randomized to control for bias
or fatigue effect. One repetition maximum (1RM)
testing was conducted in accordance with National
Strength and Conditioning Association (NSCA)
guidelines (Table 2). Subjects were randomly
assigned to their test order group.
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1RM Testing Protocol
Step #

Procedures

1

Instruct the athlete to warm up with a light resistance that easily allows 5 to 10 repetitions

2

Provide a 1-minute rest period
Estimate a warm up load that will allow the athlete to complete three to five repetitions by adding 10
to 20 pounds

3
4

Provide a 2-minute rest period

5

Estimate a conservative, near maximal load that will allow the athlete to complete 2 to 3 repetitions
by adding 10 to 20 pounds

6

Provide a 2 to 4-minute rest

7

Make load increase: 10 to 20 pounds

8

Instruct the athlete to attempt a 1RM

9a

If the athlete was successful, provide a 2 to 4-minute rest period and return to step 7

9b

If the athlete failed, provide a 2 to 4-minute rest period, then decrease the load by subtracting 5 to 10
pounds and return to step 8

Table 2.  NSCA

1RM
Once the 1RM of the subjects was
established, the subjects completed six repetitions of
70% of 1RM at an incline, flat, and decline position.
These bench angles were measured using an
international standard goniometer (Glass, 1997). A
minimum of 48 hours later, the same protocol as the
first visit was used for the mode that was not
previously tested. The longest time between sessions
was seven days.
To avoid muscular fatigue, our subjects
were required to refrain from any upper extremity
training for at least 48 hours prior to testing (Lauver,
J. D., Cayot, T. E., & Scheuermann, B. W. 2015).
Research has shown that it is best to not have the
subjects on a set routine for workouts. To get the
most valid muscle activation readings, we
randomized bench conditions between subjects
(Lauver, J. D., Cayot, T. E., & Scheuermann, B. W.
2015). The standard recovery time between sets is
five minutes to avoid fatigue (Lauver, J. D., Cayot, T.
E., & Scheuermann, B. W. 2015). It has been shown
that to record the most accurate muscle activity,
momentum cannot be used to complete the lift. Only
slow controlled movements with no bounce off the
chest coming to a full extension were recorded
(Newton, R. U., Murphy, A. J., Humphries, B. J.,
Wilson, G. J., Kraemer, W. J., & HaKkinen, K. ,
1997).

Exercise Form
Per Clemons, & Aaron (1997), the grip
width for maximum engagement of the PM was
shown to be 190% of the biacromial width of the
subject. Biacromial width was determined by
measuring the distance between the acromion
processes utilizing an anthropometer, multiplying by
1.90, and dividing by 2. This quotient was then
measured out from the center of the bar on each side
which gave us a standardized grip position for all
subjects.
Subjects were required to complete all
repetitions in a fluid movement pattern with no pause
at the bottom, and they were not able to bounce the
bar off the chest. Also, the subjects were required to
reach full elbow extension to record a successful lift
(Newton, 1997). The DBs were not allowed to touch
at the top for the DB bench (Welch 2005). We used
two spotters during BB and DB lifts to ensure safety
and to stabilize the BB and DB before and after each
lift.
Electromyography
EMG sensors were placed on the AD, MD,
and PM, and muscle activation was measured,
charted, and recorded. In conducting the methods of
this study there were several factors to consider to
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correctly detect an EMG signal and measurements. In
a related article on the use of surface EMG in
biomechanics, Luca (1997) shared some important
factors to consider which were incorporated into the
methods of this study. When measuring for EMG
signals, the signals were recorded with maximum
fidelity. Initiation and cessation times and the
parameters for measuring amplitude and frequency
were carefully analyzed to maintain accuracy (Luca,
1997). Causative factors, both intrinsic and extrinsic,
such as incorrect location or misconfiguration of the
sensors, excess tissue in between the muscle and the
electrode, excess motor units during the contraction,
and also excess blood flow within the muscle are
factors that could possibly affect the EMG signal.
Muscular force should be indicated and dealt with
prior to any procedure being performed. These
situations can bring inaccuracy to the data by either
making the signal reading higher or lower than it
actually is. For example, excess motor units during
the contraction can cause a higher signal reading. In
order to ensure consistent sensor placement the same
investigators placed the sensors on the participants
during each of the trials.
EMG Recording
Per manufacturer guidelines of DataLITE,
sensors were placed directly on the muscle belly of
the AD, MD, and PM (DataLITE Wireless Sensors &
Systems, 2015). Muscle bellies were identified by the
participant performing isometric contractions of each
of the three muscles. Surface EMG was applied to
record the muscle activation patterns using standard
surface EMG sensors with a ten-millimeter (mm)
contact diameter and a twenty mm spacing between
the contacts. EMG sensors were placed bilaterally on
the AD, MD, and PM according to the
recommendations of the State of the Art on Signal
Processing Methods for Surface Electromyography
(SENIAM) guidelines (Saeterbakken et al. 2010) and
(Schick et al. 2010). For the AD, one sensor was
placed on the anterior aspect of the muscle belly, four
centimeters (cm) below the clavicle. The MD muscle
belly was palpated, and one sensor was placed three
cm below the acromion process. A sensor for the PM
was placed four cm medial to the axillary fold after
palpation for this specific landmark and the muscle
belly was performed (Schick et al. 2010).
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Statistical Analyses
A Shapiro-Wilk test was utilized in order to
determine normality of the data. To assess differences
in muscular activation across the three muscles in the
six modalities, a repeated measures one-way analysis
of variance (RMANOVA) was used in order to
compare muscle activation for the normally
distributed data. A Friedman ANOVA was utilized
for non-normally distributed data. An independent
samples t-test was conducted to compare the muscle
activity values between males and females. An alpha
level of p ≤ 0.05 was used for all statistical tests,
using SPSS version 24.0 software (SPSS, inc.,
Chicago, IL USA). Cohen’s d effect sizes (ES) were
also calculated to describe the magnitude of
difference between mean scores (<0.2 = trivial,
0.2-0.6 = small, 0.6-1.2 = moderate, 1.2-2.0 = large)
(Batterham A.M, Hopkins, W.G 2006).

III. Results
All data for the PM were normally
distributed across sessions. The activation of the PM
during incline BB (1.55 ± 0.795 mV) compared to
decline BB (1.52 ± 0.780 mV) did not display
statistically significant differences (F = 1.039, p =
0.737, d =0.127). The only significant difference
observed between PM modalities were during decline
DB (1.525 ± 0.618 mV) compared to incline DB (1.4
± 0.64 mV) (F=1.060 p= 0.011 d= 0.159). All data
for the AD were non-normally distributed across
sessions and were analyzed using nonparametric
tests. A statistically significant difference was
observed in the AD activation from an incline
position of BB (F =1.107. p= 0.001 d= 0.629) and
DB (F = 1.230, p = 0.019, d = 0.446).
All data showed statistically significant
differences when comparing the activation of the AD
and PM across all modalities (F ≥ 1.55, p < 0.006, d ≥
2.24). There were no statistically significant
differences for any of the three muscles between flat
BB or DB when comparing them within all other
modalities (F ≥ 1.212, p ≥ 0.351, d ≥ 1.870) All data
for the MD were non-normally distributed across
sessions and were analyzed using nonparametric
tests.
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Significance was observed between MD
activity across all conditions (F ≥ 1.15, p ≤ 0.04, d ≥
0.17) and across conditions in comparison with AD
activity (F ≥ 1.58, p ≤ 0.000, d ≥ 2.82), but no
significant difference were seen between MD and PM
activation (F ≥ 1.28, p ≥
0.117, d ≤ 0.51).
An independent samples t-test was
conducted to compare the muscle activity values
between males and females. Significant differences
were observed when comparing the PM activation

Condition
BB

Incline

Flat

Decline

DB

Incline

Flat

Decline

Muscle

Mean (mV)

PM

1.551

AD

across all modalities (F ≥ 1.68, p ≤ 0.021, d = 1.140).
All AD activation however was not significantly
different based on gender (F ≥ 1.58, p ≥ .177, d =
0.740).
An independent samples t-test was also
conducted to compare the biacromial breadth values
between males and females. Significant differences
were observed when comparing males to females (F
= 4.00, p = 0.000, d = 13.68). Male values (38.136 ±
3.22 cm), females (33.1 ± 1.61 cm), totals (35.62 ±
3.58 cm).

SD

Median (mV)

p-values

± 0.795

1.525

0.127

3.412

± 0.882

3.209

0.001

PM

1.530

± 0.779

1.526

AD

3.145

± 0.944

3.151

PM

1.518

± 0.780

1.532

0.127

AD

2.839

± 0.928

2.709

0.001

PM

1.395

± 0.636

1.352

0.011

AD

2.976

± 1.129

2.493

0.019

PM

1.441

± 0.629

1.441

AD

2.706

± 0.983

2.550

PM

1.525

± 0.618

1.470

0.011

Table 3.  EMG
Recording Results


IV. Discussion
The purpose of this study was to determine
the level of muscular activation of the AD, MD, and
PM during different BB bench press and DB press
modalities. It was hypothesized that the greatest
activation would be observed in the PM during the
decline BB press and decline DB press. It was also
hypothesized that an inverse relationship would exist

between AD activation and PM activation. As
expected, a statistically significant difference was
observed between the activation of the AD at an
incline and decline position of the BB and DB
modalities. Differences were also observed between
the activation of the PM at an incline and decline
position of the DB modality, but no significance was
found at an incline and decline of the BB modality.
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The effect of DB and BB modalities showed
a significant difference between the AD and PM
muscle activation, which contrasted with previous
findings by Schick (2010). Schick compared the
effect of the Smith machine and free weight bench
press on the muscle activation of the AD and PM,
and Schick’s results showed no significant difference
between these modalities. The difference between the
results of the current study and Schick’s may be due
to the stability and balance requirements of the
shoulder girdle muscles during DB and BB chest
press. The free weight bench press offers stability in
all three planes of motion (sagittal, frontal, and
transverse) forcing the lifter to contract the muscles
in a more natural fashion to balance in all three
planes of motion while exerting force at a velocity
that is not constant (Schick, 2010). When compared
to the DB and BB modalities, the Smith machine
guides the bar in a fixed path requiring very little
balance by the lifter compared with the free weight
bench press. Additionally, Schick utilized a grip
width of 165% of the individual’s biacromial breadth,
while our study used 190% of the biacromial breadth.
The deviations in biacromial breadth utilized in the
two studies may have led to the inconsistent findings.
Since our study focused on the DB and BB, the
differences among the AD and PM may very well
have been due to the variety of stability stipulations
required of the DB and BB versus the Smith machine.
Research by Saeterbakken (2011) also
contrasts
with
our
findings. Saeterbakken
investigated the EMG activity of the AD, PM, triceps
brachii, and biceps brachii during BB press, Smith
machine bench press, and DB press. The results from
Saeterbakken’s study showed no differences for the
AD and PM among the different exercises, while our
research showed significant differences between the
AD and PM across all six modalities. The
dissimilarities between the current study and
Saeterbakken’s study could be due to controlling the
lifting time during the eccentric and concentric
phases of the lifts in Saeterbakken’s study. A linear
encoder was used to assess the vertical position and
lifting time of the DB and BB during all exercises
(Saeterbakken, 2011). The repetitions were timed,
however they were not completed using a
standardized cadance. Along with timed repetitions,
dissimilarities between the current study and
Saeterbakken’s could be due to the differences in grip
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width placement requirements. Our study utilized a
controlled grip width based off subject biacromial
breadth,
however,
Saeterbakken’s
(2011)
methodology allowed subjects to utilize their
preferred grip displacement as long as the forefingers
were inside the markings on a standard Olympic BB.
An unexpected finding of the current study
was the greatest amount of muscle activation within
the PM observed at an incline DB and BB rather than
a decline position of these modalities. The hypothesis
that the greatest activation of the PM would be
observed in the decline position not being supported
could have occurred due to the differences among
direction-specific recruitment. A previous EMG
study by Wattanaprakornkul (2011) examined
shoulder muscle recruitment patterns during bench
press and row machine exercises. To gain a thorough
understanding of shoulder muscle coordination
during these exercises, a comprehensive investigation
of the recruitment patterns of the shoulder muscle
groups was required. Significant differences were
found in muscle activity levels in all investigated
musculature, which included PM, between the bench
press and row exercises (Wattanaprakornkul, 2011).
The BB press, as well as the DB press, require
shoulder movements such as flexion and horizontal
adduction,
and
these
movements
are
direction-specific when performed at incline, flat, and
decline positions. Therefore, the greater activation of
the PM at an incline position could have been due to
the direction-specific recruitment compared to that of
the decline position.
The direction of movement in relation to
gravity determines the amount of force required to
overcome resistive forces. The direction in which a
specific muscle or muscle group is capable of
exerting force depends on the muscle’s relationship
or line of pull relative to the joint’s axis of rotation.
As a joint moves through a particular range of
motion, the ability of the line of pull of a particular
muscle to change and even result in the muscle
having a different or opposite action than in the
original position differs based on the muscles
involved (Floyd, 2018). With every degree of joint
motion, the angle of pull changes as well. Floyd
(2018) defines the angle of pull as the angle between
the line of pull of the muscle and the bone on which it
inserts. When the line of pull for the muscle is

Perpetua Volume 4, Issue 2
perpendicular to the bone on which it attaches, all of
the muscular force is rotary force; therefore, 100% of
the force is contributing to the movement (Floyd,
2018). If the angle is less than 90 degrees, the force is
a stabilizing force because its pull directs the bone
toward the joint axis (Floyd, 2018). If the angle is
greater than 90 degrees, the force is dislocating
because its pull directs the bone away from the joint
axis (Floyd, 2018). The AD, in conjunction with the
PM, is an anterior muscle and inserts on the lateral
humerus resulting in very similar angles of pull
during incline, flat, and decline chest press. The PM
displays an angle of pull of 90 degrees during the flat
bench press. When the bench is at an incline and
decline, however, the angles of pull for this muscle
differ. An inclined position gives the PM an angle of
pull greater than 90 degrees, and a declined position
gives it an angle of pull less than 90 degrees.
Consequently, the differences in these angles of pull
contribute to variations in force production, which
may have contributed to the differences in muscle
activation within these modalities.
Furthermore, the PM has two different
arrangements of fibers: upper and lower. The upper
fibers are located from the medial end of the clavicle
to the intertubercular groove of the humerus (Floyd,
2018). The lower fibers are located from the lower
ribs and sternum to the intertubercular groove of the
humerus (Floyd, 2018). It has been perceived that
performing the bench press at the incline position the
clavicular head (upper fibers) is targeted while the
horizontal position targets the sternocostal head
(lower fibers) (Jagessar, Gray, 2010). During a
decline chest press, the lower fibers are expected to
contribute more to the movement due to the relation
of the chest to horizontal. Glass & Armstrong’s
(1997) data showed no significant difference for
upper pectoral activation between the incline and
decline bench press. However, there was a significant
difference between the incline and decline bench
press for the lower sternal portion of the pectoral
muscles (Glass, Armstrong, 1997). Because the
sensors were not placed directly on the lower fibers
of the PM within the current study, the amount of
muscle activation recorded could have been less than
anticipated during the decline bench press. The lack
of support for our hypothesis that the greatest amount
of PM activation would be observed in the decline
position could have potentially been due to the lack

of differentiation of the muscle fiber location during
sensor placement.
A study conducted by Paoli (2010) focused
on the influence of different ROM (90°, 135°, 185°)
at three separate loads (0% 1-RM, 30% 1-RM, 70%
1RM) on selective recruitment of the shoulder
muscles in the military press. Paoli conducted this
study in order to verify the theory that utilizing an
incomplete elbow extension with a reduced ROM
would activate only specific muscles (Paoli, 2010).
The results showed that the use of the widest ROM
increased EMG activity of all the muscles selected
with respect to the closest ones (Paoli, 2010). The
results also revealed that at the widest ROM the MD
resulted in the greatest activation at 70% of the
subject’s 1RM (Paoli, 2010). Since the greatest
amount of activation was seen at 70% 1-RM with the
greatest amount of shoulder ROM, the lack of control
for this during the present study could have reduced
the validity of the results.
When observing the differences in muscle
activation across genders, PM across all modalities
showed significant differences. However, AD was
significantly different between genders only in the
flat DB modality (p =0.034). All other AD modalities
showed no significant differences. An explanation for
these results could be due to the larger amount of
subcutaneous adipose tissue in the female chest and
its impact on the surface EMG equipment. Surface
EMG recordings can be disrupted by any tissue
between the sensors and the target muscle. For
example, if the target muscle was the piriformis, then
the sensor would record interference from all tissues
between it and the piriformis. Meaning the EMG
sensors would have to penetrate the epithelial tissue,
subcutaneous fat, and the gluteus maximus, before
the piriformis.
While there were no significant differences
in body fat percentage between males and females (p
=0.599) there was a large effect size (d =1.72). This
large effect size indicates that future research could
yield more significant differences if a larger sample
size was incorporated. Our study utilized bioelectrical
impedance analysis (BIA) as a measure of body
composition. BIA measures total body fat, and cannot
isolate a specific area of the body such as the chest
region. Future research could utilize measurements
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that could isolate these specific areas such as skin
fold calipers or a dual-energy x-ray absorptiometry.
The research conducted by McCaw and
Friday (1994) suggested that shoulder stabilizing
muscles were generally more active during free
weight bench press compared with a machine bench
press, which could have been caused by the greater
fatigue in the ancillary muscles (biceps brachii,
medial deltoid), attempting to control the free weight
bar. McCaw and Friday’s study looked specifically at
the level of stabilization of the exercise and
concluded that an inverse relationship exists between
stabilization of the exercise and muscle activation of
the stabilizing muscles. McCaw and Friday go on to
state that experienced lifters may have developed
efficient techniques to control the free weight BB and
DBs, thereby reducing the muscle activity in the
stabilizing muscles. Thus, a potential limitation of
our study could have been in the inclusion of expert
lifters, as McCaw and Friday (1994) indicate that
expert lifters would have less activation of the
stabilizing muscles than novice or beginner level
lifters.

17

V. Practical Application
In this study, three lifts that are consistently
used in the development of the AD and PM (incline,
flat, and decline) appear to offer different peak
muscle activations during two different bench press
modes. Since the greatest amount of muscle
activation was observed in the PM at an inclined
position when comparing across both modes, it can
be concluded that DB and BB press in an inclined
position is the most beneficial for PM development,
particularly the upper fibers, compared to AD and
MD. Along with this conclusion is the relation
between the AD and PM at both incline and decline
positions. The amount of AD activation using DBs in
comparison to the BB was observed to be much
greater at an inclined than a declined position. For
training purposes, this comparison reveals that an
incline position is better for targeting AD
musculature development. The inference can also be
made that the greatest training benefit for the PM is
observed using DBs at an inclined position.
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